A Pseudomonas sp., isolated from sugarcane rhizosphere soil, readily metabolized not only alpha and gamma isomers of hexachlorocyclohexane, but also the thermodynamically more stable beta isomer, under aerobic conditions. Bacterial degradation of the three isomers led to the accumulation of a transitory metabolite and eventual release of covalently linked chlorine as chloride in stoichiometric amounts.
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mented with 17 to 24 ,uM gamma-HCH was inoculated with 0.1 ml of sugarcane rhizosphere soil suspension and then incubated under aerobic conditions at room temperature (28 + 2°C). Gamma-HCH disappeared from the inoculated medium in 5 days. Then 5 ml of this medium was again mixed with 5 ml of mineral salts medium containing 17 to 24 ,uM gamma-HCH and incubated for 5 days for selective enrichment of gamma-HCH-degrading microorganisms. This was repeated five times. Serial dilutions of this enrichment culture after the fifth transfer were plated on the same mineral salts medium containing 2% agar, 1% glucose, and 17 ,uM gamma-HCH. One of the bacterial isolates appearing on the medium readily degraded gamma-HCH that was added to the mineral salts medium as the sole source of carbon. This bacterium was further purified by several transfers on mineral salts-glucose agar slants and was used in this study.
To determine the ability of the bacterium to degrade gamma-HCH, 10-ml portions of the sterilized mineral salts solution containing 28 puM gamma-HCH as the sole source of carbon were placed in sterile 100-ml Erlenmeyer flasks and then inoculated with a suspension of the bacterium (13 x 104 cells) in 0.1 ml of sterile distilled water. Uninoculated medium served as the control. Inoculated and uninoculated media were incubated at 30 ± 1°C in a biological oxygen demand incubator with intermittent shaking to provide aerobic conditions. One-milliliter portions of the medium were withdrawn from triplicate flasks at 12-h intervals and analyzed for gamma-HCH by gas-liquid chromatography. To determine the proliferation of the bacterium in the presence of gamma-HCH as the sole source of carbon, serial dilutions (10-2 to 10-4) of the inoculated medium with and without gamma-HCH were simultaneously plated on the same mineral salts medium supplemented with 1% glucose, 2% agar, and 17 ,uM gamma-HCH. The agar plates were incubated at 30 ± 1°C, and the number of CFU appearing on the duplicate plates was counted after 3 days.
To determine the ability of the bacterium to degrade alpha-, beta-and gamma-HCH and the amount of chloride released from these isomers, the isomers were separately added, in 0.1 ml of acetone, to 100-ml Erlenmeyer flasks containing 10 ml of deionized water (in lieu of mineral salts medium because of the interference of salts in chloride analysis). Each flask was inoculated with 0.1 ml of a suspension of the bacterium (9 x The HCH-degrading bacterium used in this study was isolated from the rhizosphere soil of HCH-treated sugarcane. The bacterium was a strict aerobe and was present as motile, gram-negative, nonsporeforming, straight or curved rods that were catalase and oxidase positive. On the basis of these and other biochemical characteristics, the bacterium was identified as a Pseudomonas sp. (4) .
The Pseudomonas sp. was tested for its ability to degrade gamma-HCH that had been added to the mineral salts medium as the sole source of carbon. Within 28 h after inoculation of the bacterium into the medium under aerobic conditions, gamma-HCH (initial concentration, 28 ,uM) disappeared completely and there was a concomitant increase in the population of the bacterium (Fig. 1) . The population increase continued even after 28 h, suggesting that the bacterium was utilizing the degradation products of gamma-HCH for its growth. During the 48-h incubation period, the decrease in the concentration of gamma-HCH in the uninoculated control was negligible. During bacterial degradation of gamma-HCH, another peak of electron affinity appeared on the gas chromatogram with a retention time of 0.67 min. This intermediate was, however, unstable and disappeared in 28 h. Gamma-PCH is a key intermediate of gamma-HCH metabolism in enzyme preparations from houseflies (7), in soil (15) , and in microbial cultures (5, 14) . The retention time of the metabolite formed during bacterial degradation of gamma-HCH was compared with that of authentic gamma-PCH under gas-chromatographic conditions described above and found to be identical (0.67 min).
Earlier reports (5, 8, 12) have shown that degradation of gamma-HCH by strict and facultative anaerobic bacteria occurred only in nutrient-rich media supplemented with glucose, yeast extract, or peptone, suggesting that cometabolism was occurring. In the present study, gamma-HCH was readily utilized by the gamma-HCH-degrading Pseudomonas sp. as the sole source of carbon and energy.
The bacterium degraded not only gamma-HCH but also alpha-and beta-HCH added to deionized water under aerobic conditions (Table 1 ). The three isomers almost completely disappeared within 24 h of inoculation, and there was a concomitant release of chloride almost in stoichiometric amounts. In uninoculated controls, no chloride was detected. Release of chloride from inoculated samples suggests that the three isomers, including the beta isomer, were being mineralized by the bacterium. Transitory metabolites with retention times of 1.5 and 4.0 min were detected during bacterial degradation of alpha-and beta-HCH, respectively.
There were reports of degradation of either or both alpha- and gamma-HCH in pure cultures of strict anaerobes and facultative microorganisms (13) . However, exceptionally rapid aerobic degradation of alpha-, beta-, and gamma-HCH by the same bacterium, as demonstrated in this study, has not been reported previously. What is particularly noteworthy is the extreme susceptibility of beta-HCH, a recalcitrant pollutant of great concern, to aerobically mediated bacterial degradation. This is the first report of the degradation of thermodynamically stable beta-HCH in a microbial culture.
